In vitro and in vivo osteoblastic differentiation of BMP-2- and Runx2-engineered skeletal myoblasts.
Genetic engineering with osteogenic factors is a promising approach for cell-based therapeutics and orthopedic regeneration. However, the relative efficacy of different strategies for inducing osteoblastic differentiation remains unclear and is further complicated by varied delivery vehicles, cell types, and evaluation criteria. In order to elucidate the effects of distinct gene-based strategies, we quantitatively evaluated osteoblastic differentiation and mineralization of primary skeletal myoblasts overexpressing either the BMP-2 growth factor or Runx2 transcription factor. Retroviral delivery of BMP-2 or Runx2 stimulated differentiation into an osteoblastic phenotype, as demonstrated by the induction of osteogenic gene expression, alkaline phosphatase activity, and matrix mineralization in monolayer culture and on collagen scaffolds both in vitro and in an intramuscular site in vivo. In general, BMP-2 stimulated osteoblastic markers faster and to a greater extent than Runx2, although we also identified experimental conditions under which these two factors produced similar effects. Additionally, Runx2-engineered cells did not utilize paracrine signaling via secreted osteogenic factors, in contrast to cells overexpressing BMP-2, as demonstrated by conditioned media studies and activation of Smad signaling. These results emphasize the complexity of gene therapy-based orthopedic therapeutics as an integrated relationship of differentiation state, construct maturation, and paracrine signaling of osteogenic cells. This study is significant in evaluating proposed therapeutic systems and defining a successful strategy for integrating gene medicine and orthopedic regeneration.